Introduction
Epithelial-mesenchymal transition refers to a developmental process in which epithelial cells are converted to migratory, mesenchymal cells (1) . An analogous process is postulated to occur in the progression of many epithelial cancers toward tissue invasion and metastasis (2) (3) (4) . The Snail family of transcription factors plays a central role in promoting epithelialmesenchymal transition in both embryonic development and cancer progression by repressing the transcription of numerous epithelial markers, most notably E-cadherin (5) (6) (7) . It is therefore of significant clinical and biological interest to understand the regulation of the Snail gene locus.
Snail activity is regulated at multiple levels. Nuclear localization and stability of Snail protein are positively and negatively controlled by p21-activated kinase-1 and glycogen synthase kinase-3h, respectively (8, 9) . Depending on the cell type, transcription of Snail is up-regulated through fibroblast growth factor, hepatocyte growth factor, transforming growth factor-h, and integrin signaling (10) (11) (12) (13) . Increased transcription of Snail is associated with activities of the transcription factors early growth response-1, high-mobility group A2, Gli1, and nuclear factor-nB (12, (14) (15) (16) . However, the mechanisms by which these signaling cascades lead to increased Snail promoter activity are poorly understood.
Yin yang 1 (YY1), a ubiquitously expressed transcriptional regulator with multiple reported functions and gene targets, was first identified as an activator and a repressor of the adenoassociated virus P5 promoter (17) . YY1 has since been shown to activate or repress a host of genes (18) (19) (20) (21) (22) . These apparently paradoxic reports of the activities of YY1 suggest that it is the context of the specific regulatory element and the binding partners of YY1 that ultimately determine the function of YY1 at a given target gene.
Increased expression of Snail and associated repression of E-cadherin are thought to contribute to the invasive behavior of melanoma (23) . Previous studies of the chromatin architecture at the Snail locus in melanoma cells identified a conserved regulatory element located 3 ¶ of the gene (24) . This element enhanced expression of a reporter gene specifically in melanoma cells. In this study, we show that activity of the Snail 3 ¶ enhancer requires at least two sequence motifs. The first contains overlapping consensus sequences recognized by Ets1 and YY1 transcription factors. The second motif is similar to the Sry-related high-mobility group box (SOX) family consensus sequence. These motifs are identical in mouse and human genomes. Protein complexes bound these sites in a sequence-specific manner in vitro. Using DNA-affinity chromatography, one of these activities was purified and identified as the protein YY1. Chromatin immunoprecipitation confirmed binding of YY1 to the Snail 3 ¶ enhancer in Snail-expressing cells. Expression of Snail was decreased by small interfering RNA (siRNA)-mediated knockdown of YY1. These data indicate that full expression of Snail in melanoma cells involves the binding of multiple factors, including YY1, to the Snail 3 ¶ enhancer.
Results
Ets/YY1 and SOX-Related Sequence Elements Are Required for Activity of the Snail 3 ¶ Element A regulatory element located 3 ¶ of the human Snail gene was identified through DNase hypersensitivity and reporter assays ( Fig. 1A; ref. 24 ). In agreement with our previous work (24) , this element enhanced expression of a reporter in A375 melanoma cells (Fig. 1B) . The 3 ¶ regulatory element-dependent expression was not observed in Raji B cells (Fig. 1B) or HaCat cells (data not shown), cells that do not express Snail (Fig. 1C) . Consistent with the orientation independence of enhancers, the full-length KpnI fragment (1-859) encompassing the 3 ¶ enhancer (Fig. 1A) activated the reporter in either orientation (Fig. 1B) . Along with the high levels of Snail gene expression in A375 cells ( Fig. 1C; ref. 24), these data suggest that A375 could be used as an effective model cell line to explore the mechanism of action of the 3 ¶ element.
To identify DNA-binding transcription factors mediating the activity of the 3 ¶ enhancer, we searched the sequence for potential transcription factor binding sites using MatInspector (25) . Two candidate sites were chosen based on the expression of their cognate transcription factors in neural crest tissue, where Snail is also expressed: an Ets consensus site overlapping a YY1 site and a SOX consensus site. Alignment of the human and mouse genomes showed these two sequences to be identical between the two species ( Supplementary Fig. S1 ). To determine whether these sequences were required for enhancer activity, mutations of each sequence were introduced into a reporter construct containing the 3 ¶ element upstream of a heterologous promoter (Fig. 1B) . Wild-type and mutant reporters were tested for their activity following transient transfection of A375 cells. The wild-type minimal 3 ¶ element (294-527) retained complete activity of the full-length fragment. Compared with the wild-type minimal enhancer, mutation of either the putative Ets/YY1 or the SOX sites reduced reporter expression substantially, whereas mutation of both sites further diminished the enhancer activity of the reporter. These results indicate that full activity of the Snail 3 ¶ enhancer requires both Ets/YY1 and SOX putative binding sites and implicates transcription factors of these families in mediating enhancer function.
Protein Complexes Specifically Bind Ets/YY1 Site In vitro
To obtain biochemical evidence for protein factors binding the Snail 3 ¶ element, electrophoretic mobility shift assays (EMSA) were done (Fig. 2 ). An oligonucleotide probe encompassing the putative Ets/YY1 site was incubated with crude nuclear extracts prepared from A375 cells. EMSAs revealed two major shifted bands. Both complexes were competed by an excess of unlabeled wild-type competitor DNA but not by DNA-carrying mutations in both the putative Ets and YY1 binding sites. Mutant competitor DNAs in the Ets (mut-1) or YY1 (mut-2) sequences failed to compete for protein binding that formed the top (lane 4) and bottom (lane 5) bands, suggesting that the top and bottom bands represent Ets and YY1-containing complexes, respectively. Thus, A375 nuclear extracts contain at least two complexes that specifically bind the Ets/YY1 sequence motif in vitro.
Purification and Identification of Ets/YY1 Binding Activity
To identify the proteins binding the Ets/YY1 DNA probe, a biochemical purification strategy coupled with the EMSA was employed. Nuclear extracts from A375 cells were prepared on a large scale and applied to a series of ion exchange columns (Fig. 3A) . Proteins were eluted from each column with a salt gradient and subjected to EMSA analysis to identify fractions containing the Ets/YY1 DNA-binding activity. The final purification step consisted of two sequential DNA-affinity columns. To remove nonspecific DNA-binding activities, the first DNA-affinity column contained concatamerized repeats of the Ets/YY1 mutated EMSA competitor sequence. The unbound flow-through from this column was then applied to Sepharose coupled to the concatamerized wild-type EMSA probe sequence. Stepwise elution from the final DNA-affinity column revealed fractions enriched for the lower of the two EMSA activities (Fig. 3B) ; the upper activity did not purify through this approach. Proteins contained in the peak fractions from each purification step were visualized by Coomassie bluestained SDS-PAGE (Fig. 3C ). Bands coeluting with EMSA activity from the final DNA column were excised from the gel and identified by mass spectrometry as hnRNPU, ILF3, and YY1. Other bands present in the affinity-purified sample were not excised and sequenced because their elution profile across the specific DNA-affinity column did not coincide with peak EMSA activity (data not shown).
YY1 Binds the Snail 3 ¶ Enhancer
To determine which of these candidate proteins represented the Ets/YY1 EMSA binding activity, antisera against each candidate were used in EMSA supershift analysis (Fig. 4) . The YY1 antibody supershifted (arrowheads) the strong lower complex (asterisk), whereas the other antibodies had no effect in this assay. Recognition of the EMSA activity by the YY1 antibody, in addition to dependence of EMSA activity on a YY1 sequence described in Fig. 2 , shows that YY1 binds the Ets/YY1 sequence in vitro.
Chromatin immunoprecipitation assays were used to determine whether YY1 binds the active 3 ¶ element in the context of cellular chromatin. In A375 cells, YY1 antisera immunoprecipitated significantly more 3 ¶ element DNA than a control locus 5 kb upstream of the Snail gene (HS1; Fig. 5 ). In addition to A375 cells, three other cell lines were examined for YY1 binding to the 3 ¶ enhancer: Colo829, MDA-MB-435S, and MCF-7. Colo829 and MDA-MB-435S are melanoma-derived cell lines (26) and express Snail, whereas MCF-7, a breast adenocarinoma line (27) , does not express Snail (Fig. 1C) . MCF-7 cells were chosen as a negative control because they do not express Snail. Like A375 cells, both Snail-expressing cell lines displayed specific binding of YY1 to the 3 ¶ enhancer but not to the control HS1 site. MCF-7, Raji, and HaCat cells, which also do not express Snail or use the 3 ¶ enhancer, did not bind YY1 by chromatin immunoprecipitation ( Fig. 5 ; data not shown). Control antisera against hypoxia-inducible factor-1a did not immunoprecipitate 3 ¶ enhancer or HS1 DNA in any of the assays, showing that recovery of Snail 3 ¶ enhancer DNA is specific to YY1 antibody. These results show that YY1 is able to bind the Snail 3 ¶ enhancer both in vitro and in vivo.
As YY1 expression was found in all of the cell types examined (Fig. 6A ), one reason for its inability to bind to the 3 ¶ enhancer in the MCF-7 cells was the possibility that the locus itself may be refractory to binding due to repressive histone modifications. To investigate this possibility, chromatin immunoprecipitation assays were conducted with antibodies to histone H3 trimethyl Lys27 (H3K27 me3 ), a mark associated with gene silencing and the binding of the polycomb proteinrepressive complex (28) . The results of this assay showed a strong association of this repressive mark with the 3 ¶ enhancer only in MCF-7 (Fig. 5 ). H3K27 me3 levels were also found upstream of the Snail gene in MCF-7, suggesting that the locus was repressed epigenetically (Fig. 5 ).
YY1 Is Necessary for Full Expression of Snail
Mutation of the Ets/YY1 binding site decreased activity of the Snail 3 ¶ element in reporter assays ( Fig. 1) , suggesting that YY1 binding to the enhancer contributes to transcriptional enhancement of Snail. To test this possibility, the affect of transient siRNA knockdown of YY1 protein in the expression of Snail was examined in A375 cells (Fig. 6A ). Consistent with this hypothesis, siRNA-mediated knockdown of YY1 expression using a pool of siRNA oligonucleotides on A375 cells decreased Snail transcript levels, whereas control siRNA treatment had no effect. YY1 protein levels for the YY1-siRNA and control siRNA oligonucleotides indicate that YY1 levels are substantially and specifically reduced. A similar set of FIGURE 2. Sequence-specific binding of proteins to the Ets/YY1 site in vitro. EMSAs were conducted using crude nuclear extracts prepared from A375 cells incubated with a labeled probe encompassing the consensus Ets/YY1 site as illustrated in the schematic of the minimal 3 ¶ element, and 100-fold excess of unlabeled competitor DNA was included in the DNA competition experiments. Mutant competitor DNA consisted of sequence identical to the labeled probe but bearing scrambled mutations (underlined lowercase letters ) at the Ets (mut-1), YY1 (mut-2), combined Ets/YY1 (mut-3) site, or irrelevant site (mut-4) used as a negative control. Arrowheads a and b, two specific complexes.
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results was obtained when lentivirus vectors expressing short hairpin RNAs to YY1 were used ( Fig. 6B and C) , indicating that multiple siRNAs could knock down YY1 expression. Although a slight increase in expression was observed for some control genes, a decrease in expression to the same degree as the Snail gene was not observed. This was also found for the paralogue of Snail, slug. The observation that YY1 knockdown resulted in only partial reduction (40-50%) of Snail expression is consistent with the reporter data (Fig. 1B) , showing the contribution of multiple sites to the function of the 3 ¶ enhancer. Together, these results indicate that the Snail 3 ¶ enhancer regulates transcription of Snail by binding multiple protein factors, including YY1.
Discussion
Snail is known to regulate epithelial-mesenchymal transition in cancer cells, causing progression to an invasive, malignant phenotype. However, the mechanisms leading to activation of Snail expression in cancer cells have yet to be fully realized. We previously identified a 3 ¶ regulatory element that was functional in Snail expressing cells, but the factors responsible for that activity were not identified. Here, we have taken a traditional biochemical approach to identify factors that could interact with the 3 ¶ element and present evidence that the Snail 3 ¶ regulatory element requires the activity of at least two sequence motifs, separated by f80 bp. One of these sequences uses the ubiquitous, multifunctional transcription factor YY1, which binds directly to the 3 ¶ enhancer region in vitro. In vivo, YY1 binding to the 3 ¶ enhancer is only observed in Snailexpressing cells. The other functional sequence identified within the 3 ¶ enhancer contains an ACAAT motif that is often recognized by SOX family transcription factors (29) .
Because YY1 is ubiquitously expressed, cell type specificity of the activity of Snail 3 ¶ enhancer may be conferred by several mechanisms, including post-translational modification of YY1 (30) (31) (32) . Alternatively, YY1 may require an accessible chromatin structure for binding. This latter possibility is supported in part by the observation that the Snail-negative MCF-7 and HaCat cells expressed YY1 but did not bind YY1 at the 3 ¶ enhancer in vivo. Moreover, repressive chromatin marks were observed at the 3 ¶ enhancer in MCF-7 cells but not in cells that express Snail.
Distinct amino acid modifications of histone tails found at gene regulatory regions correlate with gene transcription (33) . Our previous examination of the histone modification status of the active Snail 3 ¶ enhancer revealed extensive modification with active acetylation and methylation marks compared with the inactive enhancer in cells not expressing Snail (24), such as MCF-7. MCF-7 cells are derived from breast cancer epithelial tissue. However, MCF-7 cells only exhibit a heightened invasive phenotype following exogenous Snail expression (34) . It is thus intriguing that the repressive histone modification H3K27 me3 is found at the Snail 3 ¶ enhancer in MCF-7, whereas YY1 is not (Fig. 5) . These findings suggest that the histone modification environment at the Snail 3 ¶ enhancer correlates with YY1 binding, activity of expression, and possibly epithelial-mesenchymal transition.
Another mechanism to impart specificity to YY1 activity may be through specific interactions with other transcription factors at the 3 ¶ enhancer. Although we found that YY1 is necessary for full Snail expression, it was not sufficient. A mutant DNA-affinity column consisting of concatamerized Ets/YY1 EMSA probe bearing a mutation in the Ets/YY1 site was employed to remove nonspecific DNA-binding activities. Flow-through from the mutant DNA-affinity column was applied to the wild-type DNA-affinity column followed by step elution in 0.1, 0.2, and 0.5 mol/L NaCl. B. EMSAs were done on fractions from each column. Fractions containing peak EMSA activity (asterisks ) were pooled and applied to the next column. C. Fractions containing peak EMSA activity from each column were subjected to SDS-PAGE and Coomassie blue staining.
Three purified bands were excised, digested with trypsin, and analyzed by mass spectrometry. These bands were identified as hnRNPU, ILF-3, and YY1. The remaining bands were not identified because fractions containing peak quantities of these species did not precisely coincide with peak EMSA activity.
Knockdown of YY1 by RNA interference significantly reduced but did not eliminate Snail expression. Similarly, mutations of the YY1 site in the 3 ¶ enhancer substantially decreased luciferase activity of a reporter containing this Snail control region but did not completely block this activity. This result suggests that other factors may be involved. One possibility is that YY1 transcriptional activity is aided by the presence of the factor that binds to the SOX consensus site that was also found to be important for the activity of the 3 ¶ enhancer.
The finding of a SOX-binding element upstream of the YY1 site is reminiscent of the parietal endoderm-specific gene laminin-1 (35) . A tissue-specific enhancer of laminin-1 employs the activities of YY1, Sp1, and NFY, all of which are ubiquitously expressed. Activity of the enhancer requires the cooperation of the tissue-specific factors SOX7 and SOX17 with YY1, Sp1, and NFY. The combinatorial code of this element bears some similarity to the Snail 3 ¶ element in the juxtaposition of YY1 and SOX sites and provides a precedent for interaction between YY1 and SOX proteins. Melanoma cells are derived from neural crest, where Snail is also expressed (36) . Therefore, SOX factors involved in neural crest development are potential candidates for partnering with YY1 at the Snail 3 ¶ enhancer. SOX5, expressed in both neural crest (37) and A375 cells, was assayed by chromatin immunoprecipitation but not found to bind the 3 ¶ enhancer (data not shown). Although several factors were purified and identified that could bind the SOX motif in the 3 ¶ enhancer, none of these could be confirmed by chromatin immunoprecipitation or RNA interference experimentation. Thus, the identity of the SOX factor remains unknown.
The EMSA analysis suggested that an Ets-like activity could contribute to the regulation of Snail. However, this activity did not purify through the final column steps. Other assays testing whether several Ets family members (Ets1, ERG2/3/4) could bind to the putative sequence were carried out but did not yield a positive result (data not shown). Thus, the formal possibility that an Ets member binds adjacent to the YY1 site and contributes to YY1 specificity and activity still exists.
In Xenopus, YY1 was required for the neural crest expression of slug, a paralogue of Snail. Although slug and Snail are paralogues, the human slug gene contains no element with homology to the 3 ¶ enhancer reported here. Furthermore, short hairpin RNAs to YY1 did not substantially alter the expression of slug in A375 cells, suggesting that the mechanisms regulating these genes were distinct.
If specificity of enhancer activity is provided by other factors, what function does YY1 serve at the Snail enhancer? YY1 has been shown to recruit chromatin remodeling activities, including CBP/p300 acetyltransferases (20) and the arginine methyltransferase PRMT1 (38, 39) . Previous examination of the histone modification status of the active Snail 3 ¶ enhancer revealed extensive modification with active acetylation and methylation marks compared with the inactive enhancer (24) . The function of YY1 in regulation of the Snail gene may involve recruitment of histone modification enzymes to alter the chromatin structure of the 3 ¶ enhancer. The finding of repressive marks in Snail-negative cells suggests that the recruitment of histone demethylases or the replacement of these nucleosomes also occurs on or following activation. We found previously that the Snail 3 ¶ enhancer interacts with the 5 ¶ regulatory region of the Snail gene. Thus, an additional role for YY1 may be to aid in the formation of this complex. (42) , were grown in RPMI 1640 supplemented with 5% fetal bovine serum and 5% bovine calf serum (Hyclone). For siRNA experiments, pools of four double-stranded siRNAs specific for YY1 or a control, nontargeting siRNA pool were obtained from Dharmacon. These siRNAs were used in transfecting A375 cells with DharmaFECT reagent (Dharmacon). siRNA (75 nmol) was transfected per well in 6-well plates. Levels of mRNA were measured after 4 days. RNA was extracted from cells using Trizol (Invitrogen) and reverse-transcribed by random priming. This cDNA was used as template in real-time PCR using an Icycler (Bio-Rad Laboratories). Primers used for Snail and actin gene-specific amplification were Snail 5 ¶-ATCCGAAGC- CACACACTG and 5 ¶-CACTGGTACTTCTTGACATCTG and actin 5 ¶-CTCTTCCAGCCTTCCTTCCT and 5 ¶-AGCACTGT-GTTGGCGTACAG, respectively. Threshold cycles for Snail were normalized relative to actin threshold cycles.
Materials and Methods
Short Hairpin RNA YY1 Knockdowns
Lentiviral vector (pLKO.1) constructs containing short hairpin RNA sequences for YY1 and empty vector were purchased from Open Biosystems (oligo ID nos. TRCN0000010894, TRCN0000019895, TRCN0000019896, and TRCN0000019898, represented as shYY1 1-4, respectively). Lentiviral constructs were used to transiently transfect HEK293FT packaging cells along with VSV-G pseudoviral particles. Two and 3 days post-transfection, virus-containing medium was collected from HEK293FT cells and filtered to remove nonadherent cells. Subconfluent A375 cells were infected by centrifugation using virus-containing medium and 8 Ag/mL polybrene. Infected A375 cells were selected starting at 24 h after initial infection using 2 Ag/mL puromycin. RNA was purified from selected cells and subjected to real-time reverse transcription-PCR (RT-PCR) for Snail expression as indicated above. Slug, NuBP1, gapdh, and 18S expression was also assessed by real-time RT-PCR using the following primer sequences: slug 5 ¶-GTCATACCACAACCAGA-GATCC and 5 ¶-GGAGGTGTCAGATGGAGGAG, NuBP1 5 ¶-AGTCCTGATGATGCTGTTATCTGG and 5 ¶-GGTGT-CCACAATGAGGTAGTCG, gapdh 5 ¶-CCATGGGGAAGGT-GAAGGTCGGAGTC and 5 ¶-GGTGGTGCAGGCATTGCT-GATG, and 18S, 5 ¶-GTAACCCGTTGAACCCCATT and 5 ¶-CCATCCAATCGGTAGTAGCG.
Western Blot Analysis
A375 cells were lysed in buffer containing 150 mmol/L NaCl, 1% NP-40, 50 mmol/L Tris (pH 8.0), and 20% glycerol and normalized to total protein concentration using Bio-Rad protein assay reagent. Lysates were resolved on SDS-PAGE (12%) and transferred to polyvinylidene difluoride membranes. Antibodies used for blotting include anti-YY1 (Santa Cruz Biotechnology), anti-actin (Santa Cruz Biotechnology), and anti-Snail (Abcam).
Plasmids and Reporter Assays
Reporter assays were done using constructs containing the snrpn promoter driving a luciferase reporter gene in the pGL2 vector (Promega) as described previously (43) . The Snail 3 ¶ enhancer (233 bp) was generated by PCR, sequenced, and inserted upstream of the snrpn promoter using KpnI. Primers used to amplify the wild-type enhancer were 5 ¶-GGTACCGGCTGGGGGTGGGGGGA and 5 ¶-GGTACC-GAGCTCGACACAGTAGGCCTTCAGCTC. Mutant enhancer fragments were generated by using mutagenic primers in overlap extension PCR. Overlapping mutagenic primers were designed to substitute a XhoI site (italicized) in place of the wild-type sequences for Ets/YY1 (5-AGGAAA and 5 ¶-TTTCCTT) or SOX (5 ¶-ACAATC and 5 ¶-GATTGT): Ets/ YY1 mutant 5 ¶-GAGAGATGATTCTTTCTTCTAAACCTC-GAGTGGTGACCCGCAGGCCG and 5 ¶-CGGCCTGCGGG TCACCACTCGAG GTTTAGAAGAAAGAATCATCTCTC and SOX mutant 5 ¶-CCCAAAAGGAAAAAAAAAAACG-TTCTCTACTCGAGGCCAAATTGTGGCC and 5 ¶-GGCCA-CAATTTGGCCTCGAG TAGAGAACGTTTTTTTTTTTCC TTTTGGG. These constructs were used to transfect A375 cells using Lipofectamine 2000 (Invitrogen) or Raji cells by electroporation along with a transfection control plasmid containing Renilla luciferase (pRL-TK). Lysates were prepared and assayed for luciferase activity using a dual luciferase assay system (Promega).
EMSA
Nuclear extracts were prepared following the protocol of Shapiro et al. (44) . EMSA probes were prepared by annealing complementary oligonucleotides, end-labeling with [g-32 P]ATP, and purification by PAGE. EMSA reactions (20 AL) contained 20% glycerol, 75 mmol/L KCl, 10 mmol/L HEPES (pH 7.9), 2 mmol/L MgCl 2 , 5 mmol/L DTT, 1 Ag poly(dI:dC)/poly(dI:dC), and 5 Ag nuclear extract. Reactions were incubated at room temperature for a total of 45 min. After 5 min at room temperature, labeled probe was added. Antibodies used for supershift assays were added after 30 min. Reactions were run in nondenaturing polyacrylamide gel (6%) electrophoresis in glycerol tolerant buffer, and gels were dried and exposed to X-ray film. Sequences for the EMSA probe Bound proteins were eluted with a 300 mL salt gradient (0.1-1.0 mol/L NaCl) in buffer A and collected in 6 mL fractions. Fractions were tested for EMSA activity as described above. Fractions containing peak EMSA activity were pooled and dialyzed against buffer B [identical to buffer A but with Tris (pH 7.9) rather than HEPES]. This was applied to a 1 mL HiTrap Q column (Amersham Biosciences) equilibrated in buffer B. The column was washed with 5 mL buffer B and eluted with a 10 mL salt gradient (0.1-1.0 mol/L NaCl) in buffer B. Fractions (0.5 mL) containing peak EMSA activity were pooled, dialyzed against buffer A, and applied to a 1 mL HiTrap S column (Amersham) equilibrated in buffer A. After a 5 mL wash in buffer A, protein was eluted with a 10 mL salt gradient (0.1-1.0 mol/L NaCl) in buffer A and collected in 0.5 mL fractions. Fractions containing peak EMSA activity were dialyzed against buffer A. To separate nonspecific DNA-binding activities, this material was applied to a mutant DNA-Sepharose column consisting of concatamerized mutant EMSA probe linked to Sepharose (see below). The flow-through from this column was applied to a similar DNA column but containing the concatamerized wild-type EMSA probe bound to Sepharose. After washing, protein was eluted in steps of 0.2, 0.3, and 0.5 mol/L NaCl in buffer A. Purified fractions were separated by SDS-PAGE and stained with Coomassie blue. Bands were excised and submitted to the Emory Microchemical Core Facility for mass spectrometric analysis. Preparation of DNA-Affinity Resin NA-affinity columns were prepared following previously described procedures (45) . Briefly, complementary oligonucleotides representing the wild-type or mutant Ets/YY1 EMSA probe sequence, with the addition of a 5 ¶ overhang sequence GATC, were annealed and phosphorylated. After extraction in phenol/chloroform and precipitation with ammonium acetate and isopropanol, the double-stranded oligonucleotides were ligated at room temperature overnight using T4 DNA ligase (New England Biolabs). Successful ligation was verified by visualizing the products by ethidium bromide staining after polyacrylamide gel electrophoresis. Average size of ligation products was f10-mers. Products of ligation were phenol/ chloroform extracted and ethanol precipitated. This DNA was resuspended in water and added to CNBr-activated Sepharose (Amersham) in 10 mmol/L sodium phosphate (pH 8.0) and rotated overnight at room temperature. The resin was washed in water and incubated in 1 mol/L ethanolamine (pH 8.0) for 4 h at room temperature. Resin was washed in water followed by 0.1 mol/L sodium phosphate (pH 8.0) and finally 1 mol/L KCl. The resin was then stored in 10 mmol/L Tris (pH 8.0), 1 mmol/L EDTA, and 0.3 mmol/L KCl at 4jC.
Chromatin Immunoprecipitation
Chromatin immunoprecipitation assays were done as described (46) . Cells were cross-linked in 1% formaldehyde for 10 min, washed in PBS, and lysed in buffer containing 1% SDS. The resulting chromatin was sonicated to an average length of 400 bp. To remove nonspecific binding to beads, chromatin was incubated for 1 h with protein A agarose beads. After centrifugation, 10 Ag anti-YY1 (Santa Cruz Biotechnology), anti-hypoxia-inducible factor-1a (BD Biosciences), antihistone H3K27 me3 (Abcam) or anti-T-cell receptor antibody was added to supernatant and rotated overnight at 4jC. Protein A beads were added and samples were rotated for 1 h. After extensive washing, immunoprecipitated chromatin was eluted in 1% SDS and incubated overnight at 65jC to reverse formaldehyde crosslinks. Samples were phenol/chloroform extracted, ethanol precipitated, and resuspended in water. Immunoprecipitated DNA was amplified and quantified by real-time PCR in an Icycler (Bio-Rad Laboratories) using a five-point genomic DNA standard curve. Primers used in real-time PCR for the HS1 and 3 ¶ element were 5 ¶-CCATA-CAATGAATAGTCCGCATCC and 5 ¶-GAACCTCCACAC-TAACCTACACC and 5 ¶-GAGCAGCCCTTAATGACTTG and 5 ¶-CCCAACTCCCTAACTTCCC, respectively.
Sequence Alignment
Alignment of human and mouse genomes at the Snail locus was done by Genome Bioinformatics Group at University of California at Santa Cruz. These alignments make use of the BLASTZ (47) algorithm and are made available at the University of California at Santa Cruz Genome Browser (48) . 3 
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